The genetic and nongenetic factors affecting the elemental composition of animal and human tissues are presented. Genetic factors inelude: (1) some well-known inherited diseases that affect copper, zinc, iron, magnesium, manganese and selenium metabolism; (2) animal species differences and (3) breed differences within animal species. The nongenetic factors include regional variation, dietary concentration of elements, interactions between elements, dietary concentration of other nutrients, chemical form of elements, age, sex, hormones, pregnancy, disease, temperature and altitude.
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I ntrod uction
The earth's crust is the original source of all elements for both animals and humans. Over time, soil is derived from the rocks making up the crust, and this, in turn, yields plants that are eaten by both animals and humans and are their main source of elements. In recent times, the atmosphere has become an enriched source of many elements in specific areas. Consequently, the intake of elements by animals and humans occurs both by ingestion and by inhalation.
The absorption of each element depends primarily on the element itself, but also on such factors as dietary concentration of other nutrients and whether the element is ingested or inhaled. Once absorbed, the element is deposited throughout the body, but in all animals, it has specific target organs and tissues in which it accumulates. This paper reviews the literature on the genetic, physiological and environmental 1 US Sheep Exp. Sta., SEA, AR, Dubois, ID 83423, in cooperation with the Univ. of Idaho, Moscow.
factors affecting the elemental concentration of human tissues and other animal tissues and discusses, whenever possible, the mechanisms by which these factors operate to alter the elemental concentration in specific tissues.
Genetic Factors
There are relatively few known inherited cases of elemental disturbances in humans and animals. Most that are known concern the trace elements Cu and Zn. Breed differences in the mineral composition of tissues of animals are numerous and appear to be under some measure of genetic control (Lucis and Lucis, 1969; March et al., 1974a) . Marked differences between animal species in the tissue concentration of Cu, Mn, F and Si are known (Underwood, 1977) .
lnberited Disorders of Cu Metabolism. Two inherited diseases of humans and one of mice affect Cu homeostasis. Wilson's disease is an inborn error of metabolism of humans, characterized by progressive neurologic symptoms, corneal ring and cirrhosis of the liver (SassKortsak, 1965; Scheinberg and Sternlieb, 1965; Beam, 1966) . In addition, low serum ceruloplasmin and excessive accumulation of Cu in the liver, brain, kidney and cornea are found in patients suffering from the disease (Evans, 1973) . Increased urinary Cu and decreased fecal and biliary Cu are also characteristics of this disease. The primary defect in Wilson's disease appears to be an inability to discharge Cu from the liver. Recent evidence suggests that the basic biochemical defect in Wilson's disease is an abnormal storage protein with an increased affinity for Cu. The abnormal protein alters the normal Cu homeostasis in the hepatocyte, resulting in an inability to discharge Cu from the liver (Evans, 1973) . A defect of an enzyme that catalyzes the incorporation of Cu into nascent apoceruloplasmin has also been suggested as a causal agent in the disease (Matsuda et al., 1974 Menkes's kinky hair syndrome is an x-linked, recessively inherited disease of humans and is characterized by progressive cerebral degeneration leading to death within the first year of life (Menkes et al., 1962) . The disease is one of severe Cu deficiency. Low serum, hepatic and brain Cu concentrations and reduced activity of several Cu-dependent enzymes characterize the disease (Danks et al., 1972a,b; Holtzman, 1976) . Improvement of the clinical state has not been obtained through the administration of oral or parenteral Cu although plasma Cu and ceruloplasmin concentrations have been increased.
A third inherited disease, affecting Cu metabolism, mottled mouse syndrome, has been described in mice (Hunt, 1974; Evans and Reis, 1978) . This is an x-linked, recessively inherited disease and is characterized by increased Cu concentrations in the kidneys and decreased Cu concentrations in the liver (Evans and Reis, 1978) . Both the kinky hair and mottled mouse syndromes are defects of Cu transport and do not involve the uptake of Cu from the intestinal lumen but rather the transport of Cu from intestinal cells (Holtzman, 1976) .
Enzootic neonatal ataxia or "swayback" in lambs has been postulated as a disease under some measure of genetic control (Weiner, 1966) . The disease is associated with subnormal concentrations of Cu in the blood and livers of affected lambs and has been more prevalent in the Scottish Blackface breed of sheep than in the Cheviot or Welsh Mountain breeds.
Genetic differences in the Cu concentration in the blood of different breeds of sheep have been reported (Weiner et al., 1969) . Some of the breed differences in Cu concentrations were attributable to differences among the breeds in the frequency of the HbA and HbB alleles (Weiner and Field, 1974) . In addition, Suttle (1977) reported that the Finnish Landrace breed of sheep was markedly less efficient in retaining liver Cu concentrations than was the Scottish Blackface breed, and he suggested that this parameter was under some type of genetic control. Schmitten et al. (1978) also reported large differences in the liver Cu concentrations of Texal and Schwarzkopf breeds of sheep and indicated that a hereditary disposition for Cu retention in the liver had been established.
The Cu concentration in the liver of cattle and sheep is many times greater than that in the liver of swine and chickens (Doyle and Spaulding, 1978) . In addition, Beck (1961) showed that the Cu concentration in the blood of poultry and marsupials is only about 50% of that in mammals.
lnberited Disorders of Zn Metabolism. Acrodermatitis enteropatbica (AE) is a lethal, autosomal-recessive, inherited Zn deficiency disorder characterized by intermittent diarrhea, dermatitis, alopecia and low serum, hair and urinary Zn concentrations. The disorder is caused by impaired intestinal absorption of Zn and responds favorably to Zn sulfate therapy (Moynahan and Barnes, 1973) . A defect in a low molecular weight, Zn-binding ligand that mediates intestinal Zn absorption has been suggested an underlying cause of AE (Evans and Johnson, 1976; Eckhert et al., 1977) . This disease of humans is similar to a hereditary parakeratosis in cattle in which the basic defect is a labile mechanism of Zn absorption (Flagstad, 1976) . Reis and Evans (1977) reported that adult mice of the SM strain contained significantly more bone Zn than did mice of other strains and suggested that SM mice are able to resist periods of Zn deficiency as a result of the development of highly efficient systems for storing and reabsorbing Zn. Alexander et al. (1974) reported that patients suffering from the inborn error of metabolism diseases, phenylketonuria and maple-syrup urine, showed body imbalances of Zn.
Inherited Disorders of Fe Metabolism. Five genetic traits in humans and animals have major effects of Fe transport, and at least four of these represent the effect of single gene mutations (Bannerman, 1976) . Hemochromatosis, one of the five traits, is characterized by excessive accumulations of Fe in the liver, pancreas and lymph nodes. It is generally believed that hemochromatosis results from a partial failure of control of intestinal Fe absorption, so that it is not responsive to the body's Fe load (Bannerman, 1976) . The accumulation of Fe in body tissues may be effectively removed by repeated phlembotomy, which usually results in marked clinical improvement (Walker and Williams, 1974 ). In the rare human autosomal recessive trait, atransferrinemia, there is an almost total lack of transferrin and gross maldistribution of Fe throughout the body (Heilmeyer et al., 1961 Inherited alterations in Mg metabolism have been described and are known to be caused by impaired intestinal absorption or renal reabsorption (Paunier et al., 1965) . The intestinal absorption defect is recessively inherited and is characterized by reduced serum Mg (20 to 25% of normal) and Ca concentrations and reduced urinary Mg and Ca excretions. The disorder has been shown to disappear with Mg therapy such as the intravenous administration of magnesium sulfate. According to Lombeck and Bremer (1977) , four different types of tubular reabsorption probably exist. The disorders are isolated and are characterized by low serum Mg concentrations that are not fully corrected by Mg supplementation. An autosomal-recessive trait is presumed.
Inherited Disorders of Mn Metabolism. The mutant gene pallid produces abnormal development of the otoliths of the inner ear in mice, similar to that resulting from intrauterine Mn deficiency (Hurley, 1976) . This abnormality is prevented by Mn supplementation of pregnant mutant mice, and as in the case of Mn deficiency, appears to result from depressed synthesis of mucopolysaccarides. Cotzias et al. (1972) reported that the concentration of Mn in the brain and bone of pallid mice was lower than in the brain and bone of nonpallid mice. Alexander et al. (1974) and Lombeck and Bremer (1977) reported that patients suffering from phenylketonuria and maple-syrup urine diseases showed body imbalances of Mn. Significant differences between humans and rabbits in the Mn concentration of adrenals and testes have been reported (Underwood, 1977) . Genetic muscular dystrophy is characterized by progressive muscular weakness and atrophy and necrosis of the skeletal muscle (Revis et al., 1979) . The disease in genetically dystrophic mice and chickens is thought to resemble that in humans in several respects, and it cannot be reversed by the addition of Se to the diet. Revis et al. (1979) reported that male dystrophic mice contained significantly more liver and skeletal muscle Se and glutathione peroxidase than did paired controls. In addition, the genetically dystrophic mice absorbed and retained more Se than did controls. The mechanism responsible for the change in Se metabolism is not understood at present. Furthermore, it is not known whether the changes in Se metabolism represent changes within the skeletal muscle or other cellular elements.
Physiological Factors
Sex. Differences between sex have been observed in the tissue concentration of minerals. Schepers (1964) dosed rats with tetraethyllead and tetramethyllead and found sharp sex differences in the Pb concentrations of the liver, spleen, kidneys, brain, lungs and muscle. The concentration of Pb was greater in all tissues of males than in female tissues, except in muscle, where the concentration was greater in females. Soares et al. (1973) fed various concentrations of methyl Hg to rats and found that, whereas the accumulation of Hg in tissues was varied between sexes, in general, male rats had higher tissue concentrations of Hg. The effects of temperature on the mineral composition of blood and bone have been studied in male and female chickens (Vo et al., 1978 ). Significant differences due to sex were found for Na, Ca, Mg, and C1 in blood and Na, Ca, Mg, P, Zn, Fe and Mn in bone.
Hormones. Many hormones cause alterations in the elemental metabolism of animals. Administration of estrogens results in elevated serum Cu and ceruloplasmin concentration in many mammalian species (Russ and Raymunt, 1956; Meyer et al., 1958; Studnitz and Berezin, 1958; Johnson et al., 1959; German and Beam, 1961) . In addition, serum Cu concentration is increased in humans using oral contraceptives (Carruthes et al., 1966; O'Leary and Spellacy, 1968) . Johnson et al. (1959) showed that administration of testosterone increases serum Cu in humans. Furthermore, Gunn and Gould (1956) showed that castration reduces the concentration of Zn in the prostate.
Serum Cu and Zn concentrations are elevated in humans with Addison's disease and adrenal corticoid insufficiency (Locke et al., 1932; Sachs et al., 1937; Henkin et al., 1969; Henkin, 1973) . The administration of adrenocorticotropin (ACTH) to rats and humans causes decreased serum and plasma Cu concentrations, respectively (Evans and Wiederanders, 1967; Henkin, 1973 ). It appears that an inverse relationship exists between plasma Cu concentrations and adrenal steroid activity (Evans, 1973) . Thus, serum Cu and ceruloplasmin concentrations are lowest during the period when ACTH and corticol secretion are at a maximum. Significant increases in serum Cu have been reported after the administration of epinephrine to rats (Meyer et al., 1958) .
Herman and Kun (1961) administered growth hormone to hypophysectomized rats and observed that growth hormone counteracted the increased liver Cu concentrations that accompany the removal of the pituitary gland.
Thyroid hormones have different effects on mineral metabolism, depending on species. The injection of thyroid hormones into both humans and rabbits resulted in increased serum Cu concentrations (Narasaka, 1937; Meyer et al., 1959) .
However, Evans and Wiederanders (1968) showed that thyroxine injections significantly decreased plasma Cu concentrations in rats.
Pregnancy. Pregnancy causes increases in ceruloplasmin and, therefore, is serum Cu concentrations, as well. Evans (1973) suggested that the increase in ceruloplasmin during pregnancy may represent an attempt to ensure both Cu and Fe transport to the developing fetus. The effect of pregnancy on Cu metabolism is attributed to the elevation in estrogen concentrations during pregnancy. Newborn infants have lower serum Cu concentrations than their mothers, whereas their livers contain considerably higher concentrations of the element (Scheinberg et al., 1954; O'Leary et al., 1966; Johnson, 1961; Heijkenskjold and Hedemstedt, 1962 (1977) all have shown that hypocalcemia, hypophosphatemia and hypermagnesemia occur toward the end of gestation in the cow. A decline in plasma Zn concentration immediately before normal parturition has been reported in cattle and swine (Pyror, 1976; Polludan and Wegger, 1976) .
Disease. A variety of stress situations cause an increase in the elemental concentration of many tissues in many species. Among these are exercise, inflammatory agents and disease (Evans, 1973) . Beisel et al. (1974) reviewed the data on infection-related changes in traceelement metabolism and reported that depressions in serum Fe and Zn concentration and increases in serum Cu concentration are typical of most infections. However, in the case of infectious hepatitis, serum Fe concentrations increase rather than decrease. Low plasma Zn concentrations are associated with surgery and burns, decubitus ulcers, cystic fibrosis, Down's syndrome, malignant disease, atherosclerosis and nephrosis (Hambidge, 1974) . Chronic hemorrhage caused by parasite infestation may lead to major losses of Zn and Fe because of the large concentration of these elements in the erythrocytes (Kirchgessner et al., 1977) . Lupinosis, a disease of animals produced by toxins of the fungus Pbomopsis leptostromiformis has been reported to cause extensive liver damage, increased liver Cu and decreased liver Zn concentrations in sheep (Croker et al., 1979) . These latter authors suggested that the toxins produced by the fungus induced the liver to take up and store Cu. McConnell et al. (1975) reported that cancer patients had significantly lower serum Se concentrations than noncancer patients, and Burton et al. (1962) reported that lambs with muscular dystrophy had markedly lower Se concentrations in muscle and liver than did lambs without muscular dystrophy. Gross and Pfitzer (1974) examined 46 patients at autopsy for Pb in rib and vertebrae and found that patients suffering from osteoporosis had lower concentrations of Pb than did those not suffering from osteoporosis. Abnormalities of Na and K metabolism reportedly have been shown in severely malnourished children (Alleyne, 1966) . Several mechanisms which cause these abnormalities have been suggested, including a defect in the Na pump (Metcoff, 1966) . Patrick and Golden (1977) examined intracellular electrolytes in leucocytes obtained from malnourished children and found that leukocyte Na and K were raised in the presence of edema. Evans (1973) reported that Kwashiorkor depressed hepatic Cu concentrations and that these depressions probably resulted from low dietary Cu intake, the unavailability of suitable ligands for transporting the metal across the intestinal mucosa and the lack of other nutrients essential for maintaining the normal function of the mucosal cells. Horvath et al. (1972) showed that atrophic rhinitis, a disease of highly productive, rapidly growing pigs, caused significantly decreased bone calcium concentrations.
Age. A number of reports show that the elemental composition of tissues is affected by age. Stabel-Taucher et al. (1975) reported that the concentration of Pb in liver and kidney of cattle was age dependent and that it accumulated in greater quantities in the kidneys than in the liver. Friberg et al. (1973) reported similar data for the accumulation of Cd in both animals and humans. Both Pb and Ce are accumulative poisons and, consequently, their concentration in tissues will increase with age and degree of exposure. Shupe (1970) showed that the normal F concentration in bone of cattle was 401 to 714 #g/g at 2 years of age, but 706 to 1,138/~g/g at 4 years of age. Blum and Zuber (1975) examined the storage of Fe in cattle and showed that the Fe concentration in the spleen, liver and bone marrow increased after 3 years of age and reached maximum concentrations at 5 years of age. In contrast, serum Fe remained relatively constant between 1 and 8 years of age.
Environmental Factors
Regional Variation. Few surveys have been conducted to determine the relationship between mineral concentrations in animal tissues and specific areas within and between states and countries. One of the few showed that beef muscle from specific areas in North Dakota contained significantly higher concentrations of Hg than did muscles from other areas (Sell et al., 1975) . No explanation was given for the differences between areas, but they were presumably due to differences in the Hg composition of soils and feeds. Stabel-Taucher et at. (1975) reported regional differences in the Zn concentration in beef muscle, the Pb and Cd concentration in beef kidneys and the Cu concentration in beef liver. Large differences in the Cu concentration of beef liver were reported between countries, ranging from 59.7 #g/g of wet liver in Finland to 8.8/ag/g of wet liver in Ireland. Tissues from animals located in 18 areas of the Rocky Mountain region were collected and analyzed for Pb, Cd and As (Sharma and Shupe, 1977) . Marked differences in Pb concentration, were found between areas; Pb ranged from 1.4 to 9.2/ag/g in the dry liver and from 45 to 195 /~g/g in the fat-free dry bones. Cd concentration ranged from 1 to 27 /ag/g in the dry liver and from 3.0 to 7.7 #g/g in the fat-free dry bones, and As concentration ranged from 1 to 9/ag/g in the dry liver. There was no significant relationship among the values of the three elements in liver; i.e., a high average of one element in one location did not necessarily indicate a high average of the other metals. The authors reported that only Cd accumulated in animal tissues when environmental concentrations of the metal increased. No relationship was evident between tissue Pb and As in animals and the concentration of these elements in the vegetation.
Dietary Concentration of Elements. The concentration of elements in plants depends on many factors, including: (1) genus, species or strain of plant; (2) type of soil on which the plant is grown; (3) climate or seasonal conditions during growth, and (4) stage of maturity of the plant (Underwood, 1977) . Legumes such as alfalfa are exceptionally high in Ca, and certain plants such as Astragalus racemosus are known as Se accumulator plants in seleniferous districts. The pH of the soil affects uptake of minerals from plants. For example, the solubility of Cd in soil is about 100 times greater than that of Pb in the pH range of 5 to 9, and increased solubility increases the uptake by plants (Jurinak and Santillan-Medrano, 1974) . Specific production practices such as fertilizer and sewage application can also increase the concentration of elements in plants, especially trace elements (Underwood, 1977; Chaney et al., 1978) . In addition, the concentration of many elements in plants is decreased with increasing maturity (Underwood, 1977) .
Processing of food often affects the mineral composition. In general, the amount of some elements is reduced by processing, but in some instances (e.g., Cr, Sr and Pb in canned food) increases can be significant (Hamilton and Minski, 1972) . Cooking of turkey muscles significantly reduced Zn, Fe and Cu concentration in muscles (Zenoble and Bowers, 1977) .
DOYLE
The concentration of elements in animal tissues depends, in large part, on the dietary concentration of the minerals. Excess feeding of many elements results in increased concentrations of the elements in some body tissues. Kline et al. (1971) fed high concentrations of Cu to pigs and noted increased concentrations of Cu in the livers. Scott and Thompson (1971) noted increased tissue concentrations of Se when chickens were fed high dietary concentrations of Se. On the other hand, low dietary concentrations of minerals often reduce tissue mineral concentrations. Lassiter and Morton (1968) fed low dietary Mn concentrations to sheep and found reduced concentrations of Mn in the heart and liver of the sheep. Many types of fish meal contain high concentrations of Hg and when fed to animals, Hg accumulates in the animals' tissues (March et al., 1974b) . Underwood (1977) reported that bones are tissues of intermediate Cu concentration and, like liver and kidney, are particularly responsive to changes in Cu intake. The feeding of dried poultry manure to lambs was shown to increase markedly the Cu concentration in the livers of lambs (Suttle et al., 1978) . This increase was presumably due to the high concentration of Cu (51 to 80 ,g/g dry weight) in the poultry manure.
Interactions between Elements. Interactions between elements adversely affect the tissue concentration of some elements. Cd interacts with Ca, Fe, Cu, Zn and Mn, reducing or increasing concentrations of these elements in specific tissues (Powell et al., 1964; Anke et al., 1970; Kobayashi, 1970; Cousins et al., 1973; Weber and Reid, 1973; Schroeder and Nason, 1974; Doyle and Pfander, 1975) . Anemia, a common manifestation of chronic Cd toxicity in all species, is due at least in part to the metabolic antagonism of Cd to Cu and Fe. Many interactions between Pb and essential elements have been reported (Willoughly et al., 1972; Morrison et al., 1975; Fick et al., 1976) . High dietary concentrations of Pb increased the Zn concentrations in the heart and brain of sheep and decreased the Fe concentration in the brain (Fick et al., 1976) . Pb inhibits heme synthesis in reticulocytes and causes an anemia that is morphologically similar to the anemia induced by Fe deficiency. Low S diets increased the amount of Pb incorporated into body tissues (Morrison et al., 1975) . Dick (1953) discovered that high dietary Mo and S concentrations inhibited the storage of Cu in the liver of sheep. Many other interactions between elements are known to cause redistribution of specific elements in tissues, but space limitations prevent their inclusion. For additional information on this subject, refer to recent articles by Fox (1976) , Schroeder and Nason (1974) , Doyle and Pfander (1975) and Sandstead (1977) .
Dietary Concentration of Other Nutrients. A limited number of reports show that the composition of the diet may alter the tissue concentration of specific elements. These nutrient interrelationships may occur in two ways: (1) An excess intake of an essential nutrient over the usually recognized requirement may protect against a toxic element by decreasing its concentration in certain tissues; and (2) an inadequate intake of an essential nutrient may increase the adverse effects of a toxic element by increasing its concentration in certain tissues (Fox and Reynolds, 1973) . Preliminary results reported by Quarterman et al. (1977) showed large increases in the uptake of Pb in the liver, kidney and blood of rats when dietary fat was added to the diet. The authors speculated that the increased uptake may have been due partly to the lecithin or other phospholipids it contains and partly to the stimulation of bile flow, which adds phospholipid and bile salts to the lumen contents. Cd concentration in the kidneys of rats given high protein, dietary fiber and both supplemental protein and fiber was markedly decreased in comparison with Cd concentration in the kidneys of rats fed a multi-nutritionally deficient, Cd-added diet (Omori and Muto, 1977) . The investigators speculated that the addition of fiber is mainly responsible for a fast rate of passage of the nutrients, and consequently less absorption, whereas the protein behaves nonspecifically through improvement of general condition such as growth and feed intake. The effects of phytare in binding Zn and decreasing its availability are well known (O'Dell, 1969; Fox, 1972) . Ethylenediaminetetraacetic acid (EDTA) is a common food additive that increases the absorption and availability of Zn in diets containing phytic acid. Dietary components such as low and high protein, low vitamin C, high fat, added vitamin D and milk increase Pb absorption (Sobel et al., 1938; Pillemer et al., 1940; Milev et al., 1970; Weyrauch and Necke, 1972; Kello and Kostial, 1973) .
Chemical Form of Elements. The metabolism of many elements and their concentration in tissues are strongly influenced by the chemical form in which the elements are administered. In calves, oral administration of 203Hg as methyl mercury chloride resulted in up to 600 times greater tissue retention than did administration of mercuric chloride (Ansari et al., 1973) . The greatest differences due to chemical form were in muscle, brain, heart and spinal cord. Stake et al. (1975) found that retention of 203 Hg from mercuric chloride was two to eight times greater in kidney, liver, spleen, lung, testicle, rib shaft and tibia shaft than was retention from methyl mercury chloride. In contrast, 203 Hg from mercuric chloride was lower in brain cerebellum and cerebrum, supraspinatus muscle and heart and substantially lower in psoas and semitendinosus muscles. Schepers (1964) reported that appreciably more Pb was found in the liver and kidneys of rats after a dosage of tetraethyllead than after an equal dosage of tetramethyllead. Smith et al. (1937) found that organic Se accumulated in larger quantities and was retained longer in the tissues than was inorganic Se. Ku (1973) showed that when .4 vg/g of Se from sodium selenite was added to a swine diet low in natural Se (.04 /1g/g), Se concentrations in muscle and liver were lower than those resulting from ingestion of a diet containing the same total selenium concentration (.44 /~g/g) but in a natural form.
Temperature. The effect of ambient temperature on the mineral composition of animal tissues has received little attention. Conrad (1939) , Mueller (1959) and de Andrande et al. (1976) have indicated that an increase in ambient temperature decreased blood or serum Ca concentrations. Vo et al. (1978) exposed chickens to constant ambient temperatures of 21.1, 29.4 and 35.0 C from 2 to 33 or 2 to 31 weeks of age and found that Na and Mg increased markedly at the intermediate temperature.
Only Ca and Mg in females appeared to be affected by temperature.
Altitude. Brisket disease or high altitude disease, is a disorder that occurs in cattle at high elevations. It is characterized, in part, by a decreased concentration of serum Ca and increased concentrations of serum K and P. Bailey (1969) grazed cattle at high elevations and observed increased kidney and decreased heart Ca concentrations, increased kidney and decreased liver Na concentrations and increased kidney P concentrations.
The data presented show that many genetic, physiological and environmental factors affect mineral concentrations in animal and human tissues. Inherited disturbances of mineral metabolism have been discovered in the last few decades which result in abnormal distribution of such elements as Cu, Zn,'Mn, Se and Mg in many tissues. Deficiencies of Cu and Mn resulting from these disturbances have been reported. In addition, it has been shown that many differences in Cu, Mn, Hg, Si and F concentrations of specific tissues exist within species and between species. No explanation is readily available for why Cu should accumulate in large concentrations in the livers of cattle and sheep and not in swine or chickens or why Si should accumulate in large concentrations in the tissues of humans compared to other species. It is not known whether large concentrations of specific minerals in specific tissues have special roles in the metabolism of these animals. The effects of hormones on mineral metabolism is of great importance because of the large intake of these compounds by animals and humans. Research on the effects of stress and disease on Fe, Cu and Zn metabolism, which is of recent origin, is also of great importance to animals and humans.
Finally, the impact of environmental contaminants in animal and human foods, such as As, Cd, Hg and Pb, on tissue concentration of these elements is attracting increasing attention from federal and state regulators. 
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